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The Safety Profile of Hepatectomy Following
Preoperative Systemic Therapy with Lenvatinib
Plus Anti-PD-1 Antibodies Versus Hepatectomy
Alone in Patients With Hepatocellular Carcinoma
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Objective: To determine the safety of hepatectomy after combined lenvatinib and anti-PD-1 preoperative systemic therapy\
(PST) in patients with marginally resectable hepatocellular carcinoma (HCC).

Background: PST followed by hepatectomy (PSTH) is an emerging treatment for HCC. However, the impact of PST with lenvatinib
plus anti-PD-1 antibodies on surgical safety is unknown.

Methods: Medical records from consecutive patients with marginally resectable advanced HCC who underwent hepatectomy after
PST with lenvatinib and anti-PD-1 antibodies between January 2018 and August 2021 were retrieved from a prospectively designed
database. Propensity score matching (1:2) was performed with a further 2318 HCC patients who underwent upfront hepatectomy
(UH) without initial antitumor treatment during the same period.

Results: In total, 49 and 98 matched patients were included in the PSTH and UH groups, respectively. Compared to the UH group,
individuals in the PSTH group experienced more intracperative blood loss, blood transfusions, and longer postoperative hospital stays.
Moreover, posthepatectomy liver failure was more commmon in the PSTH group, who also had worse albumin-bilirubin (ALBI) scores
on postoperative days 1-7. A significantly greater amount of drainage was also required in the PSTH group. However, the 30-day
morbidity and 90-day mortality were similar among the two groups. Additionally, the duration of surgery, use of hepatic inflow occlusion
during surgery, and the levels of postoperative inflammation-based markers were not statistically different between the two groups.
Conclusions: Despite more intraoperative and postoperative adverse events, PSTH had comparable 30-day morbidity and 90-day mortal-
ity as UH. Thus, PSTH appears to be a viable treatment option for marginally resectable HCC patients with careful preoperative evaluation.
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INTRODUCTION

Hepatectomy represents the best treatment option for patients
with hepatocellular carcinoma (HCC).! Unfortunately, most
HCC patients are diagnosed at an advanced stage of disease,
often missing the opportunity for radical resection, due to
declining liver function, higher tumor burden, or metastatic dis-
ease.” However, the last 5 years have seen significant progress in
the nonsurgical treatment of liver cancer. For example, systemic
therapy, and especially the combination of targeted or antian-
giogenic drugs and immunotherapy, can achieve an objective
response rate (ORR) of around 30% in patients with advanced
or unresectable liver cancer.’* Reducing tumor size using sys-
temic therapy prior to hepatectomy (also known as neoadjuvant
therapy) is therefore being considered as a promising treatment
strategy for patients with initially unresectable HCC.>*

Based on these premises, Ho et al” published positive results
of a phase I study (NCT03299946) investigating the neoadju-
vant combination of oral cabozantinib together with nivolumab
in 15 patients with borderline resectable or locally advanced
HCC. Furthermore, Zhu et al® reported that when 63 patients
with initially unresectable HCC were treated with an antipro-
grammed cell death receptor (PD)-1 antibody plus tyrosine
kinase inhibitors (TKIs), the conversion rate for resection was
15.9%. Finally, Lu et al’ showed that ten HCC patients with
major vascular invasion met the successful conversion criteria
after receiving systemic combination therapy consisting of PD-1
and TK inhibitors.

Despite these promising initial findings showing that sys-
temic therapy allows a proportion of patients with initially
unresectable HCC to undergo surgery, numerous preoperative
systemic treatment (PST)-associated adverse events (AEs) have
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been reported, potentially compromising the efficacy of this pre-
operative treatment approach. In the phase 3 REFLECT trial
of lenvatinib versus sorafenib monotherapy in patients with
advanced HCC, the most common treatment emergent adverse
events (TEAEs) among patients who received lenvatinib were
hypertension (42%), diarrhea (39%), decreased appetite (34%),
and weight loss (31%), which led to lenvatinib drug interrup-
tion in 40% of patients, dose reduction in 37% of patients,
and drug withdrawal in 9% of patients.'’ Furthermore, in the
phase Ib KEYNOTE-524 study of lenvatinib plus pembroli-
zumab in patients with advanced HCC, hypertension (36%),
diarrhea (35%), fatigue (30%), decreased appetite (28%), and
hypothyroidism (25%) were the most common AEs, with drug
discontinuation reported for 6% of patients.!! Liver-associated
AEs were also relatively common in both of the aforementioned
studies, with probabilities of 15%-30%.!%!! In this study, we
therefore set out to evaluate the impact of PST on the safety of
subsequent hepatectomy in patients with marginally resectable
HCC.

METHODS

Patients

This retrospective study included consecutive HCC patients
who underwent PST with lenvatinib and an anti-PD-1 antibody,
followed by hepatectomy, at the Zhongshan Hospital (Xuhui
District, Shanghai, China) between January 2018 and August
2021. The PST information and dosing regimens were described
in detail in our previous research.®* HCC was diagnosed using
standard imaging techniques either in the presence or absence of
elevated serum tumor markers. Patients were considered inop-
erable before the initiation of PST if they had advanced stage
HCC or insufficient remnant liver volume (<40% of standard
liver volume for patients with liver cirrhosis or <30% of stan-
dard liver volume for patients without liver cirrhosis) or out-
side up-to-seven criteria.!? Patients who received preoperative
locoregional treatment, including transarterial chemoemboliza-
tion (TACE) or hepatic artery infusion chemotherapy (HAIC)
were excluded. Patients receiving other types of monotherapy or
combination regimens were also excluded. A control cohort was
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comprised 2318 patients who underwent upfront hepatectomy
(UH) for pathologically confirmed HCC during the same time
period. The exclusion criteria for the UH patient group were as
follows: (1) previous history of liver cancer; (2) evidence of pre-
operative systematic or locoregional treatment; (3) non-HCC
pathology; or (4) evidence of extrahepatic metastasis prior to
surgery; (5) non-RO resected HCC (Fig. 1). Following propensity
score matching (PSM; 1:2), a total of 49 and 98 HCC patients
were included in the PSTH and UH groups, respectively. All
patients included in this study provided written informed con-
sent before undergoing PSTH or UH at Zhongshan Hospital.
This study was conducted in accordance with the ethical stan-
dards of the Helsinki Declaration of 1975 and was approved by
Zhongshan Hospital Research Ethics Committee.

Hepatectomy

Patients receiving PST were evaluated every 2 months for AEs,
tumor response, and resectability. Hepatectomy was consid-
ered possible if (1) RO resection could be achieved with suffi-
cient remnant liver volume (240% of standard liver volume for
patients with liver cirrhosis or >30% of standard liver volume
for patients without liver cirrhosis); (2) the intrahepatic tumor
was evaluated as a partial response (PR) or stable disease for
at least 2 months according to Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1; (3) no severe AEs occurred
following lenvatinib and anti-PD-1 antibody combination PST,
according to the Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0; and (4) there was no contraindica-
tion for hepatectomy.

Patients who fulfilled the liver resection criteria had to dis-
continue anti-PD-1 antibody therapy for at least 1 month and
lenvatinib treatment for at least 1 week before surgery. The sur-
gical procedures for PSTH and UH patient groups were similar,
according to the Brisbane 2000 terminology'® and guidelines
for the Diagnosis and Treatment of Hepatocellular Carcinoma
(2019 Edition)."* Hepatectomy was performed as previously
described,'>!'® and was defined as either major (more than 3 seg-
ments were resected) or minor (no more than 3 segments were
resected), according to the number of resected segments.

Patients underwent pre-operative
systemic therapy of lenvatinib
plus anti-PD-1 antibodiesin
Zhongshan Hospital from January
2018 to August 2021 (n=315)
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FIGURE 1. Flowchart of patient selection. .
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Data Collection

Preoperative characteristics of the patients with HCC in the
PSTH and UH groups were collected from medical records
stored in Zhongshan Hospital. The PSTH tumor response
was evaluated by abdominal contrast-enhanced magnetic res-
onance imaging (MRI)/computed tomography (CT) accord-
ing to RECIST version 1.1.17 Posthepatectomy liver failure
(PHLF) was assessed according to the criteria established by
the International Study Group of Liver Surgery (ISGLS);'® ALBI
scores were calculated as (0.66 x log,, bilirubin) + (-0.085 x
albumin) on postoperative day (POD)s 1, 3, 5, and 7, where
bilirubin was measured in pmol/L and albumin in g/L"’; post-
operative complications were classified using the Clavien-Dindo
classification?; and the systemic immune-inflammation index
(SIT = platelet count x neutrophil count/lymphocyte count),
platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte
ratio (NLR), and monocyte-to-lymphocyte ratio (MLR), were
measured on PODs 1, 3, 5, and 7.%!

PSM Analysis

PSM analysis was employed to reduce bias in patient selec-
tion to investigate the differences between the UH and PSTH
groups. 1:2 PSM was performed based on the “nearest neigh-
bor” method with a caliper width of 0.02. Variables including
age, gender, a-fetoprotein, hemoglobin (HB), total bilirubin,
albumin, alanine aminotransferase (ALT), aspartate amino-
transferase, gamma-glutamyl transferase, prothrombin time,
international normalized ratio, HBsAg, HCV-RNA, presence
of ascites, severity of hepatic cirrhosis, the number of tumors
and maximal tumor size, were comprehensively included in the
calculation of the propensity score. All the matched indicators
were measurements at the time of 3—5 days before hepatectomy.

Statistical Analysis

Statistical analyses were performed using SPSS software version
25.0 (IBM Corp., Armonk, NY), R software version 4.0.2 (R
Foundation for Statistical Computing, Vienna, Austria), and
GraphPad Prism 8 (LLC, San Diego, CA). Continuous vari-
ables were presented as medians (range). Mann—Whitney U-test
(Wilcoxon rank-sum test), Student’s #-test, Pearson y? test, and
Fisher’s exact test were used to assess statistical significance
as appropriate. A repeated measures ANalysis Of VAriance
(ANOVA) was used for indicator analysis of multiple measure-
ments postoperatively. P < 0.05 was used as a threshold of sta-
tistical significance.

RESULTS

Patient Characteristics

A total of 49 HCC patients who underwent PSTH were eli-
gible for this study; the patients’ characteristics are shown in
Table 1 and Supplemental Table 1, http:/links.lww.com/AOSO/
A120. Of the 49 patients in the PSTH group, 2 had Barcelona
Clinic Liver Cancer stage A disease with insufficient future rem-
nant liver volume if resected, and 8 with Barcelona Clinic Liver
Cancer stage B HCC did not receive TACE before surgery due to
exceeding the up-to-seven criteria. 31 and 18 were classified as
Eastern Cooperative Oncology Group 0 and 1, respectively, and
all patients achieved a Child-Pugh class A score before undergo-
ing surgery. With the exception of one HCC patient, who was
classed as having progressive disease (PD) due to the develop-
ment of adrenal metastases during systemic therapy (despite his
intrahepatic lesion being classed as PR), all patients were classed
as having either PR or stable disease for at least 2 months,
according to RECIST v1.1. All 49 patients met the hepatectomy
indication criteria.

www.annalsofsurgery.com

Characteristics of the 49 HCC Patients in the PSTH Group,
Before Hepatectomy

PSTH-receiving

Characteristic HCC Patients (n)
BCLC stage (A/B/C) (Before PST) 2/8/39
China liver cancer stage (Ib/lla/Ilb/llla/llb) (Before PST) 2/3/5/38/1
ECOG performance status (0/1/2) 31/18/0

Child-Pugh class (A/B) 49/0

Anti-PD-1 antibody use (Niv/Pem/Sin/Cam) 13/22/4/10
Tumor response, according to RECIST v1.1 (CR/PR/SD/PD) 0/33/15/1
Tumor response, according to mRECIST (CR/PR/SD/PD) 4/34/1011

BCLC, Barcelona Clinic Liver Cancer; Cam, camrelizumab; CR, complete response; ECOG,
Eastern Cooperative Oncology Group; mRECIST, modified RECIST; Niv, nivolumab; PD, progressive
disease; Pem, pembrolizumab; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable
disease; Sin, sintilimab.

A total of 2318 HCC patients who underwent UH were eligible
for this study. Before PSM, statistically significant differences were
found in baseline HB, albumin, a-fetoprotein, ALT, prothrombin
time, international normalized ratio, presence of ascites,and single or
multiple tumors, between UH (n=2318) and PSTH groups (n =49).
Ninety-eight patients were identified in the UH group after PSM.
There were no significant differences in the baseline characteristics
of individuals in the post-PSM PSTH (n = 49) and UH (n = 98)
groups (Supplemental Table 1, http:/links.lww.com/AOSO/A120),
who were included in all subsequent analyses.

Intraoperative findings

In total, 25 of 49 patients in the PSTH group and 46 of 98
patients of the UH group received major hepatectomy (removal
of 23 liver segments; 52.1% vs 46.9%; P = 0.641). The average
blood loss (545 vs 230ml; P < 0.001) and rate of blood trans-
fusion (16.3% vs 5.1%; P = 0.032) were significantly higher in
the PSTH group, compared to the UH group. However, there
were no significant differences between the two groups in either
the duration (27 vs 25 minutes; P = 0.165) or incidence (95.9 vs
98.0; P = 0.147) of Pringle maneuvers, or surgery duration (269
vs 260 minutes; P = 0.543) (Table 2).

Postoperative Outcomes

We next examined postoperative outcomes and found a sig-
nificant difference in the average postoperative hospital stay
for HCC patients in the PSTH and UH groups (12 vs 8 days,
P = 0.001). The amount of postsurgical drainage was also sig-
nificantly greater for individuals in the PSTH group than in UH

TABLE 2.

Surgical Outcomes After PSM

PSTH Group UH Group

Outcomes (n=49) (n=98) P
Surgery duration (minutes) 269 260 0.543
Major hepatectomy, n (%) 25 (52.1) 46 (46.9) 0.641
Blood loss (ml) 545 230 0.001t
Blood transfusion, n (%) 8(16.3) 5(5.1) 0.032*
Pringle maneuver time (minutes) 27 25 0.165
Pringle maneuver rate(0/1/>2) 2/14/33 2/44/52 0.147
Hospital stay duration (days) 12 8 0.001t
PHLF (0/A/B/C) 35/12/11 87/10/1/0 0.028t
30-day morbidity (0/1/2/=3) 31/4/717 75/8/10/5 0.203
90-day mortality 1 0 0.333

Values are presented as n (%). Pearson y?, Fisher’s exact, and Mann—Whitney U (Wilcoxon rank-
sum test) tests were used, as appropriate;

*P < 0.05.

1P <0.01.
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group (P = 0.001). Six of 49 patients in PSTH group and one of
98 patient of the UH group underwent ultrasound-guided punc-
ture and catheterization due to effusion at the surgical site or
thoracic cavity (P = 0.006). Although the levels of ALT, aspartate
aminotransferase, and total bilirubin were comparable on PODs
1-7 in the 2 groups (P = 0.783, P = 0.852, and P = 0.954, respec-
tively, repeated measures ANOVA were adopted), patients in the
PSTH group had a higher ALBI score during the postoperative
hospital stay period (P = 0.008), and lower HB levels on PODs
1-7 (P = 0.001) (Fig. 2). The rate of PHLF was 28.6% in the
PSTH group (14/49 patients), with class A failure experienced by
12 patients, class B by one patient, and class C by one patient. In
comparison, the rate of PHLF was significantly lower in the UH
group (11.2%, 11/98 patients; P = 0.028), with class A failure
experienced by 10 patients, class B by one patient, and no class
C events reported. Furthermore, there were no differences in
the following inflammation marker values: SII, PLR, NLR, and
MLR (P = 0.376; P = 0.519; P = 0.456; P = 0.642, respectively;
repeated measures ANOVA were adopted), between the PSTH
and UH groups during the postoperative hospital stay (Fig. 3).

The 30-day postoperative complications rates, classified
according to the Clavien-Dindo criteria, were not significantly
different between the PSTH and UH groups (36.7% vs 23.5%,
respectively; P = 0.203). The 90-day mortality rate for the PSTH
group was 2.0% (1/49); the patient died 2.4 months after their
hepatectomy, most likely from a fulminant immunoreaction in
his liver, lung, pancreas, and skin. Meanwhile, no deaths were
reported within 90 days of hepatectomy in the UH group.
However, the difference in the 90-day mortality rates for the 2
study groups was not significant (P = 0.333).

DISCUSSION

In the present study, we compared various surgical safety
parameters in HCC patients who underwent combined lenva-
tinib and anti-PD-1 antibody PSTH or UH, and demonstrated
that PSTH represents a feasible option for patients with initially
unresectable HCC. However, we found that HCC patients in
the PSTH group experienced more AEs, including intraopera-
tive blood loss, which resulted in higher transfusion rates and
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lower postoperative HB levels. The reasons for this difference in
blood loss between the PSTH and UH groups could be associ-
ated with lenvatinib treatment. Lenvatinib is an oral small mole-
cule, multikinase inhibitor of vascular endothelial growth factor
(VEGF) receptors 1, 2, and 3, as well as other receptor tyrosine
kinases implicated in proangiogenic and oncogenic signaling
pathways.?>?3 Inhibiting the proangiogenic function of VEGF
may raise the blood pressure within the delicate tumor micro-
vasculature and increase vascular fragility, thus leading to more
blood loss. This notion is supported by findings from a phase III
trial of lenvatinib in HCC patients, which reported that hyper-
tension occurred in 42% of patients treated with lenvatinib.!
Moreover, Uchida-Kobayashi et al** showed that intracerebral,
upper gastrointestinal, intestinal, and tumoral hemorrhaging
occurred in 24.6% of HCC patients receiving lenvatinib.

The abdominal drainage volume for HCC patients in the PSTH
group was higher compared to the UH group, and it was still
increasing 5 days after surgery in the PSTH group. Furthermore,
a higher proportion of patients in the PSTH group underwent
ultrasound-guided puncture and catheterization due to effusion
at the surgical site or thoracic cavity. This greater production of
abdomen fluid in patients receiving PSTH may be related to the
effect of lenvatinib and anti-PD-1 combination therapy. It has
been reported that TKIs may increase vascular permeability,?®
which may lead to increased postoperative drainage.

PHLF is a relatively rare but life-threatening complication
that occurs after hepatectomy. The rate of PHLF has been
reported in the literature to range from 9% to 18.6%, accord-
ing to the ISGLS definition.?® Both PD-1 and TK inhibitors have
been reported to cause functional liver damage.?”*® Although
all patients in the PSTH group received a class A Child-Pugh
score after a sufficiently long period of discontinuation of sys-
temic therapy and evaluation, the impact of PST on liver func-
tion is likely to increase the probability of PHLE Indeed, the
PHLF rate in the PSTH group was 28.6 %, which is much higher
than that of the UH group (11.2%). Furthermore, PSTH group
patients had a significantly higher ALBI score than those in the
UH group. However, the rate of PHLF among patients in the
PSTH group was comparable to that associated with hepatec-
tomy procedures such as associated liver partition and portal
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vein ligation for staged hepatectomy (ALPPS), in which PHLF
is reported to occur at a rate of 26.9%.3° Meanwhile, more
basic step-down procedures, such as sequential transcatheter
arterial chemoembolization (TACE) and portal vein emboliza-
tion (PVE) (TACE-PVE), or portal vein ligation and PVE alone,
are associated with much lower PHLF rates of 6.2%-7.5%.3:%
Furthermore, in a prior study of hepatectomy after chemother-
apy for colorectal liver metastases, preoperative chemotherapy
was associated with liver injury and 10.2% of patients had class
> B PHLF scores.?*** In addition, a further study showed that
for patients receiving bevacizumab, a monoclonal antibody
that inhibits VEGE, subsequent extended hepatic resection may
be encouraged due to its good tolerability and positive impact
on liver regeneration. In summary, in the present study, we
showed that, although PSTH led to a higher incidence of PHLF
than UH, PSTH-associated PHLF was predominantly class A,
compared to other investigation of preoperative chemotherapy
that reported a higher proportion of class > B PHLF scores.

We next compared the impact of combined lenvatinib and
anti-PD-1 PSTH on the 90-day mortality of HCC patients.
In the present study, one patient in the PSTH group died 2.4
months after undergoing hepatectomy. The cause of death was
immune hepatitis, and not the typical postoperative complica-
tions, which result in relatively low postoperative mortality.
We therefore concluded that anti-PD-1 treatment, followed by
hepatectomy, may be associated with a risk of fulminant immu-
noreaction. Besides this incident, there were no differences in the
duration of surgery, postoperative complications, or mortality
between the PSTH and UH groups, which suggests that PSTH is
safe and feasible after careful patient evaluation.

Physical stress and medication induce changes in organ func-
tion and, subsequently, the levels of various inflammatory mark-
ers.’* Monitoring inflammatory markers such as SII, PLR, NLR,
and MLR is a rapid and cost-effective method for evaluating a
patient’s risk of disease progression and death after surgery.”!
Patients subjected to PSTH are likely to suffer from multiple forms
of physical and biological stress, induced by surgery and/or PST.
A given patient’s response to PSTH could therefore be measured
via specific inflammatory indicators. A previous study from our
hospital demonstrated that SII serves as an independent predic-
tor of prognosis after hepatectomy in patients with HCC,?” and is
associated with a shorter hospital stay.*® In the present study, the
SIT, PLR, NLR, and MLR were not significantly different between
the PSTH and UH groups, which suggests that PSTH and UH may
produce a similar degree of physical stress and inflammation.

This study had several limitations. First, the long-term
outcomes of patients who underwent either PSTH or UH is
unknown as long-term follow-up data are not available. Second,
a variety of different anti-PD-1 antibodies were used. To date,
there was no evidence for differences in the effects of different
anti-PD-1 antibodies, either as monotherapy****° or in combi-
nation therapy!"***, Third, the sample size was small, meaning
that some rare complications, such as immune-related problems,
were not well represented in our study groups. In addition, the
preoperative laboratory tests used in this study may not have
accurately described the inflammatory state of the liver tissue.

In summary, we report the intraoperative and postoperative
outcomes of HCC patients who received PSTH, in compari-
son to those undergoing UH alone. To the best of our knowl-
edge, the present study was performed on the largest cohort
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of hepatectomized HCC patients in receipt of lenvatinib and
anti-PD-1 PSTH reported to date. We found that, although the
patients in the PSTH group experienced more AEs postsurgery,
including higher average blood loss and blood transfusion rate,
a larger postoperative drainage volume, a longer postoperative
hospital stay, and a higher rate of PHLE, their 30-day morbidity
and 90-day mortality rates were similar to those of the UH group.
Our preliminary findings therefore suggest that the combined len-
vatinib and anti-PD-1 preoperative treatment strategy is feasible
for use in patients with unresectable HCC, and that subsequent
hepatectomy is considered safe after careful patient evaluation.
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